SUMMARY Evoked potentials were recorded to the occurrence of a disparate stimulus in dynamic random dot stereograms. Seven adult males, all of whom had vision which was normal or corrected to normal, participated in the experiment. Subjects viewed 100 ms duration stimuli which embodied 30 arc min of either crossed or uncrossed disparity under four conditions of spherical overcorrection: -0*25, +1*0, +2*0, +3-0 dioptres. The first condition, essentially normal refraction, yielded reliable behavioural reports of the stimulus and clear evoked potentials to both crossed and uncrossed disparity. With increasing overcorrection the behavioural reports became less reliable, and the evoked potentials were degraded for both conditions of disparity. The responses to the crossed disparity condition, however, showed significantly less degradation in both behavioural and electrophysiological measures. The implications of this finding may be that there are separate cortical subsystems for the processing of crossed and uncrossed disparity and that the former is more robust under non-ideal viewing conditions. The human visual system processes the differences between the images formed on the spatially separated right and left retinae and uses the differences in forming a single, fused, three-dimensional image. These differences can be considered in angular terms. As a first approximation light rays travel straight from an object of interest through the nodal points of the eyes to the retinae, as illustrated in Fig. 
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Microelectrode studies have shown that in monkeys there are separate groups of cortical neurones dedicated to the processing of crossed and uncrossed disparity.12 It is likely that such neuronal Correspondence to Dr R A Neill.
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groups also exist in man. These groups are a part of a human stereoscopic visual system which serves at least two functions: (1) it allows the observer to judge precisely the position of objects, relative to some fixation point, within the visual field; (2) it aids the observer in the estimation of direction and velocity of objects which are moving within the visual field. On an intuitive level it would seem more important for an observer to judge correctly the position and speed of an object which is approaching than of one which is moving away. It is suggested, therefore, that the ability to process changes in disparity, in cases where the change is in the crossed disparity direction, will be found superior to the uncrossed disparity counterparts. It is further suggested that crossed disparity processing will be found more robust under non-ideal viewing conditions, such as may arise in the presence of a significant refractive error. The first hypothesis received strong support from a behavioural study3 in which measures of minimum presentation times for the detection of disparate stimuli showed significant crossed/uncrossed disparity differences. The hypothesis also received support from an electrophysiological study in which responses to crossed and uncrossed disparities were recorded in the upper, /7__ 
Material and methods
Visual stimuli comprised dynamic random dot stereograms. These were presented in a point-to-point display mode on separate (left and right) Tektronix 602 display units (P31 phosphor). The display units were supported vertically on trolleys which were attached to the moving arms of a Clement Clarke synoptophore. 5 The images of the display units were reflected into the eyepieces via front-surfaced, halfsilvered mirrors. Fixation points, subtending 0-14°a nd illuminated by red LEDs, were positioned centrally at the fixation distance behind the mirrors.
The random dot display, generated by a computer controlled, hardwired unit, comprised a 256x256 pixel square matrix subtending 10-70 on the side. The disparate stimulus, when present, was located centrally. It was a square, subtending 30 on the side and with a disparity of 30 arc min. By interchanging the left and right displays a crossed or uncrossed stimulus could be created. It should be noted that, unlike real space tests, there were no optical differences between the two disparity conditions. Dot presentation rate was 100 000 point pairs per second.
Subjects. Seven male subjects, ages 32-6 (SD Subjects were seated in a comfortable viewing position in a light-attenuated room. The synoptophore eyepieces were initially arranged with a -0-25 dioptre allowance for instrument accommodation. The instrument therefore had an optical viewing distance of 4 m. The subject viewed 32 presentations each of the crossed and uncrossed disparity conditions, along with four other 32-trial conditions reported elsewhere.4 Separate averaged evoked potentials were recorded for each of these conditions. The eyepiece lenses were then replaced with pairs of lenses which were either + 1-0, +2*0, or +3-0 sphererdioptres over-power. Four sets of the 32-trial averages were then recorded for each of the central crossed and uncrossed stimuli, the order being randomised. This group of trials was repeated twice more with different pairs of eyepiece lenses each time. The order of selection of lenses was randomised across subjects. Finally, the -0 25 dioptre lenses were replaced and three more sets of the averages recorded, along with 12 other conditions.4 Thus four sets of 32-trial averages were recorded for all conditions. The stimulus onset, comprising the abrupt introduction of disparity, occurred 100 ms into the recording epoch, and the duration of the disparity was 100 ms.
A PDP 12 computer controlled the experiment, recorded and stored electrophysiological responses, and was responsible for the performance of off-line data processing.
Data analyses. For each subject and each condition the four sets of 32-trial averages were combined into 128-trial superaverages. These were then normalised across the 100 ms prestimulus interval. The mean amplitudes were then calculated across a 100 ms window commencing 200 ms post stimulus. The mean amplitudes were then entered into a 4 (dioptre) x 2 (crossed/uncrossed) x 4 (site) analysis of variance (ANOVA). In order to test the relationship between amplitude of response and degree of refractive defocusing, an amplitude versus dioptre linear regression was performed on each subject's data and the slope estimates of the regression lines were submitted to a 2 (crossed/uncrossed) x4 (site) ANOVA.
Site: Disparity: Crossed 01 Uncrossed
Results

BEHAVIOURAL
All subjects were able to identify the onset and orientation of the crossed stimulus for all refraction conditions, though they reported some difficulty in the +3-0 dioptre condition. All subjects, furthermore, correctly reported seeing the uncrossed stimulus in the -0 25 dioptre condition, and six correctly described the + 1 0 dioptre condition. Only two subjects, however, could reliably identify the presence of the uncrossed stimulus in the +2-0 dioptre condition, and no subject reported seeing this stimulus in the +3 0 dioptre condition. (-0-25 dioptre) , the responses were of The results of this experiment, both behavioural and size (crossed= -2-6, uncrossed= -2.4 micro-electrophysiological, provide strong support for the For the +3 0 dioptre condition, however, the hypothesis under test. The introduction of a simuses were quite different in size (crossed= lated refractive error effectively diminishes the uncrossed=-0*3 microvolt). Indeed the observer's ability to discriminate high-frequency ;sed condition evoked almost no response at textual detail, which in turn affects stereoscopic is trend is illustrated well in Fig. 3 , which shows resolution. The effect on the ability to resolve lationship between amplitude and simulated changes in uncrossed disparity is significantly greater Live error. The regression line for the crossed than the crossed disparity counterpart. The visual ion has a slope of -0.37 microvolts/dioptre, system therefore appears to be especially sensitive in as that for the uncrossed condition is -0*65 the processing of crossed disparity. The In this experiment the dynamic random dot stimulus comprised a change from zero disparity to disparity and back to zero disparity. At onset this change in disparity was interpreted as a movement towards the viewer in the crossed condition and away in the uncrossed condition. A previous study by --\ \one of the authors8 has shown that the onset of disparity is responsible for the bulk of the recorded response.
Despite the fact that no subject could perceive the stimulus in the +3-0 dioptre, uncrossed disparity condition, a small but consistent evoked response *\ was recorded, as can be seen in Fig. 2 . A previous study has shown that this is very unlikely to be artefactual in origin.9 The result is consistent with that of an earlier study'0 in which a group of nonperceiving subjects produced measurable stereoscopic evoked potentials. The normal response appears to reflect an overlay of processes such as I I I I I I I those related to form detection' and to the process-50 0.00 0.50 1.00 1.50 2.00 2.50 3. refractive error and uncrossed disparity apparently rendered many, but not all, of these processes inoperative.
As an object approaches an observer, the accommodation/convergence reflex assists by keeping the object within the range of focused single vision. A quickly approaching object will generally lead the accommodation and convergence process. Hence the image of the object will be (a) somewhat blurred owing to the delay in the accommodation process, and (b) it will be associated with a crossed disparity due to the trailing convergence process. The findings of this experiment indicate that the visual system is particularly well adapted to cope with this situation.
The result may also have some implications in relation to the properties of vision in squint. A convergent squint results in the observer viewing the world through an inappropriate uncrossed disparity, while a divergent squint results in an inappropriate crossed disparity. The functional consequences of these differences are not clear. Further investigation is certainly warranted. 
